Aboveground Biomass of Choctawhatchee Sand Pine in Northwest Florida'
by Michael A. Taras' ABSTRACT.-Choctawhatchee sand pine trees 4 to 14 inches d.b.h. were selected from a natural, uneven-aged stand in northwest Florida to determine the weight and volume of aboveground biomass. On the average. X5 percent of the green weight of the total tree was wood, I I percent bark. and 4 percent needles. The average tree sampled had 82 percent ofits wood in the stem and I8 percent in the crown. Specific gravity. moisture content, and green weight per cubic foot are presented for the total tree and its components. Tables developed from regression equations predict weight and cubic-foot volume of the total tree and its components by d.b.h. and total height classes. Ward, weight, volume, equations, component proportions This is the fifth in a series of reports on the aboveground biomass of southern pines. It contains information on Choctawhatchee sand pine (Pinus clausa var. immuginata Ward). The first four papers reported biomass for the four major southern pines (Taras and Clark 1975; Clark and Taras 1976; Taras and Clark 1977; and Taras and Phillips 1978) . This Paper reports weight and volume of various tree components (wood, bark, crown, branches, and foliage) as well as equations for predicting these values. The term "total tree" in this study refers only to the aboveground portion of the tree and does not include stump and roots.
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Field
PROCEDURE
A stratified random sample of 36 trees was selected from a natural, uneven-aged Choctawhatchee sand pine stand on Eglin Air Force Base in northwest Florida. Site index (age 50) averaged about 50. Six trees in each even-inch d.b.h. class from 4 to 14 inches were randomly selected. Means and ranges in tree dimensions are shown in table 1. Sample trees were felled and limbed and the main stem of each tree was bucked into 3-to 5-foot segments and weighed to the nearest onequarter pound on a portable balance. Separate weights were recorded for the saw-log portion of the main stem to a 6-inch d.i.b. top and for the pulpwood portion of the stem to a 3-inch d.o.b. top. Sample branches were selected from the lower, middle, and upper portions of the crown. These were weighed and stripped of their needles, and the needles were weighed to establish the foliage: branch ratio. The remainder of the crown (needles and branches) was weighed together. Needle weight for the whole tree was computed by applying the needle:branch ratio developed from the branch samples. Dead branches were weighed separately but were not included in calculations for the total tree in this report.
Moisture content and specific gravity of wood and bark were determined from disks removed at the butt of each tree, at d.b.h., and at quarter points in the stem to a 3-inch d.o.b. top. Disks were also taken from the branches randomly selected from the lower, middle, and upper portions of the crown. Each disk sample was sealed in a plastic bag for subsequent laboratory analysis. Samples of needles and dead branches were selected for determination of moisture contents of these components.
Laboratory
Each sample disk was weighed and diameters were measured with and without bark, and spe- The green cubic-foot volumes of wood and bark were computed by dividing a component's weight by its green weight per cubic foot. Green cubicfoot volume of wood and bark combined was computed by adding the green volume of wood to the green volume of bark.
Analysis
Regression equations for predicting green and dry weights of wood, bark, and needles in the total tree and its components were developed with d.b.h. and total height as independent variables. Equations were also developed to predict green cubic-foot volumes of wood and bark separately and combined. Total-tree and tree component weights and volumes were estimated with the equation:
where:
in inches Th
= total tree height in feet e = experimental error and bo,bt = coefficients. Grouping of the data into D2Th classes indicated that the variance of Y increased with increasing D2Th. Therefore, a logarithmic transformation was used to make the variance more nearly homogeneous and meet this basic assumption of regression analysis. The final form of the equation used to predict weight and volume of the total tree and each component sampled was:
SAMPLE TREE CHARACTERISTICS
Total-Tree Biomass
Green weight of the total tree ranged from 126 pounds for 4-inch trees to 2,372 pounds for 16inch trees. On the average, the trees sampled had 85 percent of their green weight in wood, 11 percent in bark, and 4 percent in needles. This distribution of wood, bark, and needles is similar to those reported for the major southern pines. The proportion of tree weight in wood increased and the proportion in bark decreased sharply between the 4-inch and the 6-inch d.b.h. class, then remained relatively constant to the ICinch class. The proportion of needles was highest (7 percent) in the 4-inch class and was consistently between 3 and 4 percent for all other diameter classes. Proportions of the various tree components computed on a dry basis varied slightly from those computed on a green basis because of differences in component moisture content (table 2) .
When the trees are viewed as being composed of stem and crown, proportion of tree weight in the stem increases and that in branches decreases from the 4-inch d.b.h. class to the 6-inch class and then increases with tree size (table 3). The stem contained an average of 76 percent of the tree green weight, and the crown 24 percent. The proportion of biomass in the stems of Choctawhatchee sand pines is 5 to 8 percent lower than that reported for the four major species of southern pine. Since the needle proportion was the same as reported for other southern pines (about 4 percent), the primary cause for the difference in crown biomass is the greater weight of branch material in sand pine.
The green and dry weights of all wood in the tree and the distribution of wood throughout the tree are presented in table 4. On the average, 82 percent of green weight was in the main stem (to a 3-inch d.o.b. top), and 18 percent was in the branches. The proportion of wood increased in the main stem from the 4-inch d.b.h. class to the 6-inch class and then decreased as tree size increased. Branchwood proportions decreased be- tween the 4-and 6-inch d.b.h. classes and then increased as tree size increased. The proportion of wood in the pulpwood section of a tree decreased, and proportion in the saw-log section increased as tree size increased. On the average, the trees contained 70 percent of their green wood in saw logs and I2 percent in pulpwood. The proportion of branches in Choctawhatchee sand pine is 5 to 7 percent greater than that found in the major species of southern pine because sand pines have a heavier branching habit. The weight and distribution of bark in the tree are presented in table 5. On the average, 44 percent of all green bark in the tree was in the saw logs, I6 percent in the pulpwood, and 40 percent in the branches. In comparing the bark proportions with similar computations made from the major southern pine species, we find bark proportion of the crown to be 7 to 11 percent greater in sand pine. This difference is due to the greater proportion of branches in the crown of this species.
Crown Biomass
When the crown was analyzed as a separate entity composed of branchwood, branchbark, and needles, the proportion of crown weight in wood increased, the proportion of crown bark decreased, and the proportion of needles decreased as tree size increased (table 6) . On the average, 66 percent of the green weight of the crown was wood, I9 percent was bark, and I5 percent was needles. Compared to the crowns of the major southern pine species, Choctawhatchee sand pine has a higher percentage of wood in the crown, about the same amount of bark, and fewer needles.
The dead branch components of these trees were not included in the total-tree weight or the weight of the crown even though the weight data on this component were collected. The reason it was not included was that it was felt that a high proportion of this material would be lost in felling and skidding and not recoverable. Equations were developed, however, for predicting this component (see tables 9 and IO).
Main Stem Biomuss
When the main stem was analyzed separately, the proportion of stem weight in wood increased and the proportion of bark decreased as tree size increased (table 7) . On the average, 91 percent of the green weight of the main stem was wood, and 9 percent was bark. Similar proportions of wood and bark in the main stem have beEn reported for the four major species of southern pine. 6  71  64  20  16  28  68  I6  I6   50  6  126  61  18  21  51  64  IS  21   57  6  248  63  IX  I9  I03  67  I5  I8   60  6  407  66  30  I4  181  72  IS  I3   64  6  571  68  IX  I4  24x  73  I4  I3   245  66  I9  IS  I06  70 IS IS Physicul Properties log portion of the tree and the main stem as a whole averaged 0.485, which is the average reWood and bark specific gravity, moisture ported in a wood density survey of the species content, and green weight per cubic foot in the (Clark and Taras 1969) . Specific gravity of the total tree and its components are presented in pulpwood portion of the tree averaged 0.455, table 8. Wood specific gravity for the total tree which is slightly lower than the saw-log portion of averaged 0.475. Wood specific gravity of the sawthe tree but slightly higher than that for the branches (0.433). Bark specific gravity was consistently lower than wood specific gravity, averaging 0.349 for the total tree, 0.390 for the main stem, and 0.288 for the branches. The specific gravity of the main stem bark approached that reported for longleaf pine (0.409) and was higher than that reported for loblolly, shortleaf, and slash pine. The branchbark specific gravity (0.288) was lower than that found for the four major species of southern pine. Wood moisture content averaged 91 percent for the total tree, 84 percent for the main stem, and 123 percent for the branches (table 8) . Wood moisture content was considerably higher for pulpwood (101 percent) than for saw logs (8 1 percent).
On a total-tree basis, bark moisture content averaged 151 percent, which was 60 percent higher than the corresponding value for wood (table 8). Bark moisture content was lower for saw logs (117 percent) than for pulpwood (183 percent) or branches (195 percent). The bark moisture contents reported here are all considerably higher (up to 100 percent higher) than those reported for other species of southern pine. These large differences are probably due to sand pine's considerably thinner bark and higher ratio of inner bark (which has an extremely high moisture content) to outer bark.
Green wood weight per cubic foot ranged from 54.7 pounds in saw logs to 59.9 pounds in branches and averaged 56.4 pounds in the total tree. Bark green weight per cubic foot was consistently lower than that of the wood (table 8) , averaging about 53.4 pounds per cubic foot. Green weight of wood and bark per cubic foot of wood and bark averaged 55.8 pounds for the total tree, 55.3 pounds for the main stem, and 58.3 pounds for the branches.
PREDICTION EQUATIONS
Equations were developed to predict weights and volumes of the total tree and its components. Those used for predicting dry weight (Y) and green:dry weight ratio (Y,) to 6-and 4-inch d.i.b. tops are presented in table 9. Similar equations for predicting cubic-foot volume (Y) and cubic-foot volume ratio (Y,) are given in table 10. A ratio technique developed by Burkhart (1977) was used to avoid crossovers in which predicted values to a 6-inch top exceed values to a 4-inch top in the *I same tree. In this procedure, two equations are used to predict the weight or volume at any given top diameter: (1) a total stem volume of weight equation, and (2) an equation for estimating the ratio of merchantable stem volume or weight to total stem volume or weight for the specified top diameter. With these two equations, volume or weight can be obtained to any top diameter limit or between any two specific points on the stem simply by subtraction. In this study, we developed equations to predict the weight and volume ratios to a 6-inch d.i.b. top and a 4-inch d.i.b. top.
The equations presented in tables 9 and 10 for predicting wood, bark, and wood and bark to a 6-or 4-inch d.i.b. top predict only the volume or weight ratios of the merchantable stem and not the actual weight or volume. To find the weight or volume to these merchantable limits, the predicted ratio (Y,) must be subtracted from the value 1 and then multiplied by the predicted total stem weight or volume. An example of application of this ratio technique is presented in the Appendix.
YIELD TABLES
For convenience to the users, the equations for total tree, stem to a 3-inch d.o.b. top, and crown in tables 9 and 10 were used to develop weight and volume tables; they are presented in the Appendix (tables 1 l-21). Other equations in tables 9 and 10 can be used to construct tables as needed, or they can be requested from the author.
Trees with the same d.b.h. and total height can vary considerably in weight and volume because of differences in crown size, moisture content, specific gravity, and taper. The yield tables presented in the Appendix should not be used indiscriminately over the range of sand pine without testing. Rather, they should be applied only to trees in natural stands which are similar in age, taper rate. and wood properties. 
APPENDIX
ILLUSTRATION OF THE RATIO TECHNIQUE
Suppose you have a tree with a d.b.h. of 9.8 inches and a total height of 58 feet and you wish to compute the cubic-foot volume to a 4-inch top. First select the appropriate cubic-foot volume equation from table 10 for predicting total stem volume to a 3-inch top and substitute the tree dimensions: 
